Despite notable progress reducing global under-five mortality rates, insufficient progress in most sub-Saharan African nations has prevented the achievement of Millennium Development Goal four (MDG#4) to reduce under-five mortality by two-thirds between 1990 and 2015. Country-level assessments of factors underlying why some African countries have not been able to achieve MDG#4 have not been published. Zimbabwe was included in a four-country study examining barriers and facilitators of under-five survival between 2000 and 2013 due to its comparatively slow progress towards MDG#4. A review of national health policy and strategy documents and analysis of qualitative data identified Zimbabwe's critical shortage of health workers and diminished opportunities for professional training and education as an overarching challenge. Moreover, this insufficient health workforce severely limited the availability, quality, and utilization of life-saving health services for pregnant women and children during the study period. The impact of these challenges was most evident in Zimbabwe's persistently high neonatal mortality rate, and was likely compounded by policy gaps failing to authorize midwives to deliver life-saving interventions and to ensure health staff make home post-natal care visits soon after birth. Similarly, the lack of a national policy authorizing lower-level cadres of health workers to provide community-based treatment of pneumonia contributed to low coverage of this effective intervention and high child mortality. Zimbabwe has recently begun to address these challenges through comprehensive policies and strategies targeting improved recruitment and retention of experienced senior providers and by shifting responsibility of basic maternal, neonatal and child health services to lower-level cadres and community health workers that require less training, are geographically broadly distributed, and are more cost-effective, however the impact of these interventions could not be assessed within the scope and timeframe of the current study.
Introduction
Since the Millennium Development Goals (MGD) were set in 2000, global under-five mortality has decreased by 53% and the lives of an estimated 48 million children under age five have been saved (United Nations, 2000 , UNICEF et al. 2015 . However, mortality rates remain high, particularly in sub-Saharan Africa where approximately half of global under-five deaths occurred in 2015. Of note, achievement of MDG#4 -reducing under-five mortality by twothirds between 1990 and 2015 -was variable across the region and only 12 countries met their MDG#4 target (UNICEF et al. 2015) . It is therefore important to understand the factors underlying why some African countries have been able to achieve MDG#4 while others have not, particularly as countries look ahead to the 2030 Sustainable Development Goal of reducing under-five mortality to < 25 deaths per 1,000 (United Nations, 2015) .
Case-studies assessing progress in reducing child mortality have been published for countries that successfully met MDG#4, including Niger, Uganda, Malawi, Ethiopia, and Rwanda (Amouzou et al. 2012 , Kuruvilla et al. 2014 , Mbonye et al. 2012 , Zimba et al. 2012 . There are no published case studies, however, from countries not meeting MDG#4 that could highlight the specific barriers countries face in their efforts to reduce under-five mortality. As part of a comprehensive study of sub-Saharan African countries with varying achievement of MDG#4 (Kipp et al. 2016 , Zimbabwe was evaluated as a country that made insufficient progress given the minimal decrease in under-five mortality from 75.8 deaths per 1,000 live births in 1990 to 70.7 deaths in 2015 (average rate of reduction [ARR] of 0.3%) (Figure 1 ). The overall flat ARR masks a large increase in mortality between 1990 and 2000 before decreasing between (UNICEF et al. 2015 . Infant mortality has followed a similar pattern, while neonatal mortality remained relatively unchanged between 1990 and 2015.
Zimbabwe's lack of progress in improving child survival reflects significant economic, social, political, environmental and healthrelated challenges the country has faced over the past few decades as described in more detail by others (Ojikutu et al. 2008 , Premkumar and Tebandeke, 2011 , Chirisa et al. 2015 and the Zimbabwe reports referenced below. Following its independence through the 1980s, Zimbabwe was widely recognized for its robust health delivery system, high-quality clinical services and major gains in coverage of effective interventions associated with child survival (Osika et al. 2010) . Beginning in the mid-1990s, however, the country experienced a prolonged socio-economic collapse, which resulted in the deterioration of the national health system, a decline in the availability of public health services and worsening of key health indicators, including under-five mortality (Osika et al. 2010 , Zimbabwe Ministry of Health and Child Welfare [ZMOHCW], 2010a , ZMOHCW, 2010b . Although all six WHO health system building blocks (World Health Organization [WHO], 2007) were profoundly affected, one of the most dire consequences was that an estimated three million skilled workers, including many health professionals, left Zimbabwe for better wages and conditions in neighbouring African countries and overseas (Osika et al. 2010) .
In the parent study assessing barriers and facilitators influencing progress in child survival four African countries , we evaluated national policy and strategy documents, qualitative data, and quantitative indicator data. Challenges to achieving MDG#4 that were most salient to Zimbabwe were identified, as well as some national responses that appear promising. We report here on the national health workforce shortage, which was consistently and extensively reported as an overarching health care factor contributing to Zimbabwe's failure to achieve MDG#4.
Methods
The period of interest for this case study, and the parent study on child survival in sub-Saharan Africa, was [2000] [2001] [2002] [2003] [2004] [2005] [2006] [2007] [2008] [2009] [2010] [2011] [2012] [2013] . Data sources include quantitative MNCH indicator data obtained for years nearest to 2000 and 2013 (details below), a review of national policies and strategies issued between 2000 and 2013, and key informant interviews and focus groups with community women conducted in 2013. Figure 1 . Under-five, infant, and neonatal mortality rates for Zimbabwe in 1990 Zimbabwe in , 2000 Zimbabwe in , 2010 Zimbabwe in , and 2015 
Key Messages
• Zimbabwe has reported stagnant coverage levels of a number of effective interventions recommended for maternal, neonatal and child health. The country's shortage of human resources for health is one of the key factors contributing to inadequate progress in reducing under-five mortality and achieving towards Millennium Development Goal #4.
• Implementation of specific policies authorizing midwives and community health workers to deliver core life-saving interventions could facilitate reduction of neonatal and under-five mortality.
• Implementing the available national strategies to develop the recruitment, retention, and training of health workers and scaling up the use of task shifting of responsibility for providing basic maternal and child health services to lower-level cadres could accelerate progress in reducing under-five deaths.
Quantitative indicator data
Data were obtained on core indicators related to MDG#4 monitored by Countdown to 2015 (Victora et al. 2003) . 
Review of national policies and strategies related to child health
Based on a review of the peer-reviewed literature and published global strategies relating to child survival, an information abstraction guide was developed to guide the document procurement and review process (Table 1) . Policies and strategies pertaining to overall national health, MNCH, and other sectors involved in child health (e.g., education, water and sanitation, agriculture and nutrition) were obtained from the WHO African Region office, WHO country focal points for Zimbabwe, and Zimbabwe's Ministry of Health and Child Care (MOHCC, formerly known as the Ministry of Health and Child Welfare). These documents were reviewed and any additional documents referenced and deemed important were then obtained and reviewed (Supplementary Material, Table S1 ). Each document was reviewed multiple times by a single reviewer (CAH) and relevant information was recorded as outlined in the abstraction guide to standardize abstraction and summarization of content across documents. To avoid introducing bias, information abstracted from country documents was reported as stated in the original source, with care not to overstate or minimize the original information or to add commentary not included in the source document.
Qualitative study procedures
Study location and participants Participants were included from both urban and rural areas to ensure that experiences and opinions related to MNCH better represented Zimbabweans. The study was conducted in Mashonaland West because it was logistically accessible to study interviewers and reported under-five mortality ARRs comparable to the national ARR in the 1999 and 2010 Zimbabwe DHS. Within this province, Makonde District was selected as the urban site, consisting of the capital of Chinhoyi and the town of Banket, while the rural site was the Zvimba District surrounding Chinhoyi.
Qualitative data were obtained from semi-structured interviews with key informants from the MOHCC, donor organizations, community-based organizations (CBO) involved in MNCH, and health care providers (HCP). Data were also obtained from focus group discussions with local community women who had sought MNCH services. All study interviews and focus group discussions were conducted between October 9 and November 26, 2013.
Eligibility criteria and identification of study participants Inclusion criteria for all participants included: 1) being 18 years of age, 2) having adequate knowledge or experiences related to childhood survival specified for each participant group below (Table 2) , 3) speaking English or Shona, and 4) ability to provide written or verbal informed consent.
The research team collaborated with the Family Health Director in Zimbabwe's MOHCC, the WHO focal point for child health, and the Medical Officer at the Provincial Hospital to generate lists of potential participants for each key informant group. These individuals were then contacted through telephone calls and in-person to request participation, and recruitment was facilitated through a letter of support from an MOHCC official. Similar numbers of participants were enrolled from each key informant group, which intentionally included a range of ages, work experiences, and positions/ roles.
Efforts were also made to balance the number of urban and rural participants within the HCP and CBO groups. Basic demographic characteristics of the key informants are shown in Table 3 .
Two focus groups each were held in Chinhoyi and surrounding rural areas. An initial sample of women was recruited by referrals from antenatal care (ANC) clinics and from other women who visited the hospitals in the study area. Additional study participants were then identified through snowball sampling. Efforts were made to include women with diverse experiences regarding MNCH, and to balance participants' educational level, parity, and number of live and deceased children in each group. Table 4 includes basic demographic characteristics of the focus group women.
Interview and discussion guides Guides for key informant interviews and focus group discussions were developed to focus on barriers to and facilitators for improving child survival, in alignment with content areas for the national document review (Table 1) . These guides were pilot tested through cognitive interviewing (Collins, 2003) and revised as needed prior to the study. Not all topics were appropriate for each key informant group, however each topic was asked of at least two groups. Although individual interviews and group discussions allowed participants to discuss the entire period from 2000 forward, most recalled more recent information and experiences.
Data collection and analysis
All interviews and focus group discussions were conducted in English or Shona and were audio recorded. Key informant interviews were conducted by a single research assistant while two research assistants conducted focus group discussions to facilitate Ministry of Health and Child Care • National or provincial-level officials working in government-level health care system administration, policy-making, program development, or leadership.
• All officials working in areas related to maternal, neonatal and child health (MNCH) were eligible. Donor Partners
• Individuals working as directors, managers, or other leaders of entities providing financial or other aid for MNCH services, or serving as the implementing partner.
• International or national organizations focusing entirely on MNCH or with MNCH as one component of their mission.
• Organizations had to be officially registered in the country.
Members of Community-Based Organizations
• Directors, leaders, or managers working for a Community-Based Organization (CBO) involved in or providing referrals to MNCH services within the study site.
• Organizations had to be officially registered in the country. Health Care Providers
• Professionally trained physicians, nurses, clinical officers, or other health-related staff such as environmental health technicians, pharmacists, or community health workers.
• Working in a health facility providing MNCH care. discussion and take field notes. Audio recordings were transcribed by the research assistants, translated into English as needed, and field notes were incorporated into the transcript. Transcripts were coded and analysed using the qualitative software Atlas.ti (Murh, 2004) . Deductive themes were determined a priori based on interview guides and key MNCH topics identified in the literature review. Additional themes were also discerned upon review of the transcripts. Within the identified themes, text was reviewed for patterns of consistency, variation, relationships between themes and exemplary cases or quotations (Nastasi and Schensul, 2005, Schensul, 1993) . 
Ethical approval

Results
MNCH indicator coverage data
Among core indicators of MNCH in Zimbabwe for which data were available for both 2000 and 2013, coverage levels in 2000 were generally high but nearly all remained stagnant or decreased over time (Figure 2 ). Data from 2000 were not available for four indicators (HIV positive pregnant women receiving antiretroviral therapy (ART), children with acute respiratory infection (ARI) given antibiotic, diarrhoea treatment, and use of insecticide treated bednets), making it unclear whether coverage increased, decreased, or remained stagnant.
Major themes from national documents, key informant interviews, and focus groups with community women Impact of the human resources for health shortage on availability of child health services The availability of health workers in Zimbabwe at the peak of the crisis in 2009 is shown in Table 5 . With over 6,940 vacant positions across all staff cadres, the public health system was operating at only 57% of staffing capacity. The low density of physicians (0.067 per 1000 population) was far below the minimum level of 0.2 recommended by WHO, and included a paucity of specialists (Osika et al. 2010 , WHO, 2006a . According to national documents, substantial outmigration, transfers to the private sector or non-health fields, early retirement, HIV/AIDS and death, all contributed to health workforce attrition and were compounded by a low replacement rate. Key informants cited inadequate government funding, administrative issues such as hiring freezes, and outdated human resource plans and staff establishments. National documents further indicated that not all lower level facilities had trained, on-call physicians after hours and that midwives were not available in most primary care facilities. Moreover, an inequitable distribution of remaining HCPs left many rural areas severely underserved.
If the government does not have money. . ..then it's unable to pay its human capital. . . we have public hospitals training most of the health personnel in this country. . .if they move away it means they are moving away with their expertise. . .the government or All key informants and community women identified the shortage of health workers as a major challenge for child survival in Zimbabwe. National policies and strategies also linked insufficient health staffing levels to inadequate availability of services across the continuum of care from pregnancy through childhood and across all care settings from remote communities to urban referral centres. Many health facilities closed due to staffing shortages, and critical services including emergency obstetrics and neonatal care (EmONC), transfusion services, caesarean sections and newborn resuscitation were not available at many hospitals that remained in service. Compounding the problem, staff-dependent outreach mobile services in many rural settings were no longer able to provide community-based preventive and curative MNCH interventions. As a result, many pregnant women and their children had to travel long distances to reach a functional district or provincial health centre. Community women further described experiencing long lines while waiting for MNCH services at their local clinic due to the lack of health workers. Higher-level public facilities were described as poorly equipped and under-financed, making them unable to attract and retain essential staff required to deliver life-saving MNCH interventions.
"An obstacle to greater access is really the human resources factor because. . . we see that the staff is overwhelmed and cannot pay appropriate attention. . ..in theory they should be available everywhere but there is a practice of having a private clinics and so it's not so easy to get the doctor when you want him or her for an emergency. "As for some of us who are pregnant, if you come and you are in labour, you might find a person who is not able to examine you properly, they just examine you and leave you to deliver by yourself when they are gone" (24-year old, rural woman with 3 children)
According to several key informants, many providers with dual professional responsibilities prioritized their time working in private clinics instead of public facilities. Some community women also described this inequity, noting that the availability of experienced physicians and midwives was much better in the private sector. Outside of the public health sector, some mission hospitals and private clinics increased their services, but this was insufficient to meet demand during the years of crisis and many Zimbabweans could not afford even the minimal out-of-pocket cost entailed.
National documents also identified several crucial policy gaps during the study period that affected the availability of providers to deliver important MNCH interventions. At delivery, midwives had only partial support authorizing them to administer life-saving interventions during labour and childbirth. Additionally, there was no policy requiring trained health workers to conduct home post-natal care (PNC) visits in the first week of life to identify newborns who required care. For older children, community-based Village Health Workers (VHW) were authorized to carry out rapid testing and treatment for malaria and to treat diarrhoea with oral rehydration solution and zinc, but were not allowed to provide life-saving antibiotics for ARI (ZMOHCW, 2010a , Countdown to 2015 , Requejo et al. 2014 .
Impact of the human resources for health shortage on quality of MNCH care
National documents reported that the system-wide deficiency in the health workforce led to overworked and discontent health workers, resulting in low motivation to provide good quality care. MNCH providers were further strained by working under adverse conditions caused by chronic underfinancing, frequent shortages of supplies and drugs, debilitated facilities and equipment, and limited transportation and information, communication and technology infrastructure. The documents also noted that poor communication affected continuity of care between system levels and between the private and public sectors. Although these issues were reported across all levels of the health system, they were felt to be particularly severe at the community level and in rural areas.
With the loss of senior staff, less experienced staff assumed positions they were ill equipped for, with few remaining mentors to provide on-the-job training. The resultant knowledge and skills gap among health care workers was specified as a barrier to the appropriate assessment and treatment of sick children. Furthermore, high attrition of experienced managers limited the provision of supportive supervision and performance monitoring of all cadres of health workers. The closure of several training facilities and medical schools due to budget constraints further reduced available training and educational opportunities. Vacant academic posts at medical schools and nurse tutor posts, outdated training materials and curricula, and a lack of tools to guide treatment at the point of care also contributed to poor qualification among graduating health professionals.
Both key informants and community women echoed the poor quality of MNCH reported by national documents. Community women specifically described the quality of MNCH services in terms of their own experiences with impatient and uncaring healthcare providers. Further, women specified that poor treatment caused them to delay or limit their use of health services. Community women also reported that some health providers inappropriately charge for basic supplies required for treatment or expect additional 'under-the-table' payments despite Zimbabwe's national policy waiving user fees for pregnant women and children under 5 years.
"The trainings are scarce. You can have one training for the whole of the year and training only 25 participants in a district. So it's very difficult if you train 25 participants; some will go to school, some will resign, some will transfer, so [that] will leave [the untrained] personnel. . .." (34-year old, female MOHCC official)
Quality is a major challenge right now for this country . . . some of [the doctors] are unable to do cesarean sections, so we really need to bring in senior doctors just to go to the district to mentor them, to show them and to improve the skill of those health sectors."(58-year old, male donor partner) "At this hospital, a patient who is admitted in the private ward is treated differently because they have the money and they are treated on time. You will wait if you do not have money and they will not even look at you." (29-year old, urban woman with 2 children) "Others treat us roughly. If you go to the clinic and you are poor and if you go without gloves, or razor and all that is needed, they can leave you and assist the other patient who has all the things needed. So this is a worrisome issue when l [am] pregnant . . ." (39-year old, urban woman with 4 children) National documents stated that traditional medicine is widely available as a long-standing part of Zimbabwe's overall health care system, but did not describe the utilization or quality of care provided by traditional health workers. Participants had mixed opinions regarding traditional healers. Some key informants felt they could be a valuable asset given their high profile in the community, especially if they could be trained to make referrals and provide accurate health information and counseling to promote the use of MNCH care by skilled providers. Other key informants and most community women expressed concern about the quality of care provided by traditional healers.
"The traditional midwives they have an important role. . . if there is good communication between them then they help, because they can do a delivery." (32-year old, female HCP) "Giving birth at home [with a traditional birth attendant] is bad in that I will not know [the baby's] position. . .So when I am at home they will force me to give birth and I will get hurt or tear. And when I tear [at home], no one will see me together. You will stay like that or the wound will get septic. . . if they force things, she may break the uterus or the traditional birth attendant may not have gloves, she may have a wound; they hold your baby without gloves and may infect the baby." (33-year old, urban woman with five children) Recent efforts to addressing Zimbabwe's health workforce crisis Recruitment, retention, and distribution of human resources for health. National documents identified several important policies and strategies that were implemented during the study period in response to the deterioration of the health workforce. In 2008, Zimbabwe implemented an Emergency Retention Scheme with assistance from partners, which was felt to have somewhat stabilized the public health sector and has been credited with decreasing the number of resignations (Chimbari et al. 2008 , Osika et al. 2010 , ZMOHCW, 2010b , Dieleman et al. 2012 , Zimbabwe Health Workforce Observatory, 2009 ). Subsequently, a National Human Resources for Health Policy was developed to facilitate the optimum production, training, management and retention of health workers in the public health sector. Zimbabwe's Human Resources for Health Strategic Plan, 2010 (ZMOHCW, 2010c , was then issued to operationalize this policy. In 2011, the government and external partners enacted Zimbabwe's Health Transition Fund as a vehicle to reduce maternal and under-five mortality by abolishing user fees and supporting high impact interventions and health system strengthening (ZMOHCW, 2011). This 5-year pooled fund addressed four core elements, including specific measures to ensure retention of an adequate, skilled, and productive health workforce by providing satisfactory incomes and incentives, high-quality training and supervision, and adequate tools required for high quality care.
Because these measures were implemented towards the end of the study period, data regarding their effectiveness had not yet been assessed or reported in national documents or surveys. Some key informants did suggest that the workforce shortage might be improving, citing facilitators such as the provision of additional training for midwifery and nursing skills, higher pay, financial and housing incentives, and allowing workers to have expanded responsibilities. Financial assistance from external partners through the Health Transition Fund was highlighted as a promising measure to improve the health workforce and essential MNCH services, particularly ANC and skilled birth attendance. However, some key informants expressed concern that improved access to MNCH interventions resulting from the Health Transition Fund would create increased demand and overburden limited resources at the facilities. Several key informants also noted concern regarding uneven availability of assistance and the long-term sustainability of the Fund.
"To return this one on the job [to attract more providers]. . ..we are paying retention allowance. . . we could see that the district hospital almost fifty percent of them were empty [before the incentives]; now, at least one hundred percent of them have one doctor in each district to provide comprehensive service very well. . .and this [is] the good thing with this Health Transition Fund. . ." (58-year old, male donor partner) "We have got the Health Transition Fund which is aiding us to have every pregnant mother to book at 14 weeks freely. . . it is aiding us to detect any complications. . .also. . .increase midwives [who] are being trained so that they will have skills in dealing with maternal and neonatal issues. . .also there are workshops which are being handled to equip staff with knowledge on neonatal." (34-year old, female MOHCC official)
Measures to expand the roles and responsibilities of health workers. Towards the end of the study period, Zimbabwe issued the revised National Health Strategy (NHS), "Equity and Quality in Health-A People's Right (2009 -2013)", which aimed to restore the availability of high quality health services throughout the country and to address challenges related to the deficient health workforce (ZMOHCW, 2010b) . This NHS included measures to shift responsibility for basic MNCH services to lower-level health workers such as a generic cadre of Primary Care Nurses trained specifically to enhance services at the primary care level. A Village Health Worker Strategic Direction was also issued in 2010 to re-introduce the use of community-based VHWs to deliver core health interventions closer to the population, coordinate referrals, and to educate and counsel individuals and families to maintain good health (Zimbabwe Health Workforce Observatory, 2009 , ZMOHCW, 2010d . Key informants and community women confirmed that VHWs facilitated improved access and utilization of MNCH services by encouraging women to utilize ANC and facility-based deliveries, while also following-up on patients in the community after referral to higher-level facilities. "With the grassroots we have the village health workers as our main source of information as we have direct contact with them so if there is any patient we want to follow up they have got sort of forms which they use. . .and they give the patient a slip, and we also communicate with the village health worker that the patient has received medication or review we send feed back to the village health worker." (35-year old, male HCP)
Discussion
Zimbabwe has experienced a prolonged socio-economic collapse resulting in the deterioration of the national health system and a decline in the availability of public health services (Ojikutu et al. 2008 , Osika et al. 2010 , ZMOHCW, 2010a , ZMOHCW, 2010b , Premkumar and Tebandeke, 2011 , Chirisa et al. 2015 . In this context, this study found that Zimbabwe's critical health workforce shortage and diminished opportunities for professional training and education were consistently reported as a barrier to the availability, quality, and utilization of MNCH services between 2000 and 2013, thus hindering progress towards MDG#4. The country's lack of progress in reducing neonatal mortality during the study period is of particular concern, and has been compounded by several significant policy gaps affecting authorization of midwives to deliver life-saving interventions and for health staff to make home visits for PNC. Similarly, the lack of a policy authorizing community-based health workers to provide antibiotics for ARI likely contributed to high pneumonia-related mortality.
The centrality of the health workforce for improving health services and population health outcomes is well established, and is considered a 'critical precondition' to achieving the Millennium Development Goals (WHO, 2014a) . Moreover, lack of a skilled health workforce is a recognized barrier to the provision of MNCH care and is of great concern to many African countries facing healthrelated human resource crises in the setting of persistently high child mortality (Anyangwe and Mtonga, 2007 , WHO, 2006a , Campbell et al. 2013 , Dolea et al. 2009 ). Zimbabwe meets the WHO criteria for having a critical shortage of health workers, defined as fewer than 2.28 doctors, nurses and midwives per 1000 population and having <80% of deliveries attended by a skilled birth attendant (Campbell et al. 2013 , WHO, 2006a . This problem arises from challenges affecting recruitment and retention of health workers, insufficient training and supervision, inadequate skills-mix, inadequate pay, poor work environments, limited opportunities for career development and continuing education, lack of performancerelated rewards and recognition, and better employment opportunities in the private sector or in other countries (Frenk et al. 2010 , Anyangwe and Mtonga, 2007 , WHO, 2006a , Chen et al. 2004 . The resulting sub-optimal quality of care and even maltreatment of patients has been shown to inhibit utilization of effective MNCH services even when they are available (Campbell et al. 2013) . This 'quality gap' is most prominent for births within facilities, contributing to the low proportion of pregnant women and newborns receiving recommended packages of services that prevent deaths during pregnancy, childbirth and the neonatal period (Friberg et al. 2010) . Governments and health policy makers in sub-Saharan Africa can maximize lives saved through measures that guarantee both high quality MNCH care and increased coverage levels . Proven strategies to enhance quality of care include: continuous health staff education and training; regular monitoring, feedback, and supportive supervision; national policies promoting quality assurance; and broad community involvement (Althabe et al. 2008 , Van Den Broek and Graham, 2009 , Mutungi et al. 2008 , Kongnyuy et al. 2009 , Montagu, 2003 . Zimbabwe used two overarching approaches to begin addressing the shortage, maldistribution, and insufficient quality of human resources for health. The first was to develop and implement comprehensive national human resources for health policies and financing strategies to optimize the development of their health workforce in accordance with international recommendations (WHO, 2006b , Campbell et al. 2013 , WHO, 2010 . Several countries that have successfully reduced under-five mortality concurrently improved their health workforce capacity and productivity through comprehensive emergency human resources plans targeting recruitment and retention, expanded domestic training, decentralization of human resource management, and use of incentives such as wage increases, low-cost housing and loans, heightened security, free health care, expanded opportunities for professional advancement, and results-based financial incentives. (Palmer, 2006 , Kuruvilla et al. 2014 , Global Health Workforce Alliance, 2014 , Campbell et al. 2013 , WHO, 2010 .
The second health workforce development measure utilized in Zimbabwe was to increase efficiency of existing resources by shifting responsibilities to cadres of workers who may be more available, less expensive and require less training. The WHO has endorsed task-shifting towards health workers with lower-level qualifications as a means of 'optimizing the delivery of key, effective interventions' where there are not enough higher-level providers and specialists. In many African countries, non-physician clinicians and nurseequivalents have successfully been used to increase access to critical services (Anyangwe and Mtonga, 2007 , Sanders et al. 2009 , Gopinathan et al. 2014 , Chilopora et al. 2007 , Fenton et al. 2003 , Gessessew et al. 2011 , Mullan and Frehywot, 2007 . Midwives in particular offer an effective, affordable and sustainable means of increasing skilled care at birth because they can be trained to deliver most maternal and newborn interventions, facilitate appropriate referrals to specialists and EmONC services, and encourage appropriate health promotion and care seeking behaviours , Renfrew et al. 2015 , ten Hoope-Bender et al. 2014 , Van Lerberghe et al. 2014 . Of note, morbidity and mortality outcomes associated with task shifting to nurses and other non-physician clinicians are similar to physician-centred models of care delivery, though this practice is most effective when workers are carefully trained and supervised and when community representatives are included in the planning and evaluation processes (Callaghan et al. 2010 , WHO, 2008 , Laurant et al. 2005 , Gessessew et al. 2011 , Hofmeyr et al. 2009 , Dawson et al. 2014 , Argaw et al. 2008 . As shown in Zimbabwe, specific policy support is required to authorize task-shifting of essential services, such as allowing midwives to perform life-saving measures at birth and community-level workers to treat uncomplicated ARI, diarrhoea, and malaria.
Task-shifting to lay personnel in community and primary care settings such as Zimbabwe's VHWs is another effective way to meet local population health needs while maintaining good clinical outcomes (WHO, 2012 , Lewin et al. 2010 , Lehmann and Sanders, 2007 , Laurant et al. 2005 . If properly trained, supported and authorized, community health workers can improve child survival by increasing access to curative and preventative MNCH interventions, facilitating referrals and continuity of care between providers and health system levels and promoting healthy behaviours and health service utilization (Gopinathan et al. 2014 , WHO, 2012 , Glenton et al. 2013 , Perry and Zulliger, 2012 , Oona et al. 2006 . In a study of nine African countries, Friberg and colleagues demonstrated that expanding the community-level workforce could potentially achieve a 20% coverage increase for selected communitybased or outreach interventions thus saving an estimated 486 000 lives with low additional cost (Friberg et al. 2010) . In other countries, community health workers have been used to successfully deliver essential primary health care services for women and children (Banteyerga, 2011) , improve the quality of care through increased MNCH knowledge practices (Karim et al. 2013) , increased access to care through door-to-door outreach (Johnson et al. 2013) , and daily village clinics where they diagnose and treat common childhood illnesses (Zimba et al. 2012) . Case-studies from countries that successfully achieved MDG#4 also recognized the use of lay workers to deliver preventive and curative interventions for pregnant women and children as a key facilitator of child survival (WHO, 2014b , Haver et al. 2015 , Mbonye et al. 2012 , Amouzou et al. 2012 . Studies have also shown that local traditional birth attendants can be trained to deliver certain interventions, assist with facility-based deliveries, make referrals to skilled services, and promote basic newborn care in the community (WHO, 2012 , Darmstadt et al. 2009 , Mullan and Frehywot, 2007 , Samb et al. 2007 , Laurant et al. 2005 , Gessessew et al. 2011 , Thetard and Macheso, 2004 . As a longincluded part of Zimbabwe's health care system, traditional birth attendants could thus potentially be used to expand availability of some basic health services as long as appropriate training and supervision is guaranteed.
Our study utilized several data sources to better understand Zimbabwe's insufficient progress towards MDG#4, but a few limitations should be noted. First, the various policies and strategies reviewed covered different and sometimes overlapping time periods, making it difficult to distinguish current from outdated information. Second, it was difficult to determine whether or when a specific policy or strategy had been implemented unless specifically stated. Study co-authors affiliated with the WHO and the MOHCC clarified areas of uncertainty when possible. Additionally, most documents reviewed were issued between 2007 and 2012 even though the review was intended to cover the entire time period 2000-2013. While these documents included a valuable retrospective assessment of national challenges experienced during most of the study period and introduced newer strategies targeting such challenges, assessments of the impact of these more recent policies or strategies had not been published by the study's conclusion. The qualitative study was limited by the relatively small sample of participants whose views and experiences may not be generalizable to all Zimbabweans. However, participants were selected from geographic areas reflecting Zimbabwe's national trends in under-five mortality and included key informants with national-level responsibilities. Moreover, data from both the qualitative study and national document were highly consistent with each other, further supporting the validity of our findings. Additionally, while we asked participants to consider the entire study period from 2000 to 2013, many focused more heavily on their recent experiences and opinions. However, some key informants had extensive involvement in MNCH spanning many years and many community women had older children and thus longer experience with MNCH services.
Conclusion
Zimbabwe's critical shortage of skilled workers was a prominent obstacle to achieving MDG#4, severely limiting coverage of effective MNCH interventions and provision of quality care. Recently implemented strategies to overcome this challenge appear promising, and should be fully evaluated to determine their effectiveness. In the meantime, health leaders should continue to prioritize MNCH among health and development goals, and to explore sustainable solutions that can enable a rejuvenated, skilled and effective health workforce to restore the country's position as one of the preeminent health systems in sub-Saharan Africa. Studies like this one can provide meaningful information to help struggling countries address their own human resources for health challenges and thus attain health goals such as reduced under-five mortality.
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